ABSTRACT The incidence of previous coronary artery bypass surgery (CABS) in patients with acute myocardial infarction admitted to our hospital has risen from 2.3% to 11.2% in 6 years. We compared infarct size and the angiographically determined cause of infarction in 52 control patients and in 52 consecutive patients with acute myocardial infarction at least 2 months after they had undergone CABS. Baseline characteristics were similar in both groups except for a higher incidence of preexisting Q waves in the post-CABS group (22 vs 10; p < .05). Indexes of myocardial infarct size were smaller in the post-CABS group compared with those in control patients: peak creatine kinease (CK) level (IU/liter) 11 13 + 1094 (mean + SD) vs 1824 1932 (p < .01), peak CK-MB level (IU/liter) 173 + 230 vs 272 -+-332 (p < .02), peak summed ST segment elevation (mm) 3.5 + 4.8 vs 8.2 + 9.9 (p < .005), and QRS score on days 7 to 10, 1.9 + 3.0 vs 4.3 + 3.4 (p < .001). Postinfarction left ventricular ejection fraction was higher in the post-CABS group (53 + 13%) compared with that in control patients (47 + 12%; p < .05). The incidence of total occlusion of the artery to the infarct zone was similar in the post-CABS and control patients (33 vs 27), as was the incidence of one-, two-, and three-vessel disease (artery plus graft). Collateral blood flow to the infarct zone was found in 27 post-CABS patients and in 23 control patients. The cause of infarction in post-CABS and control patients was a lesion in a major artery proximal to all branches in seven vs 22 (p < .001), a lesion in a diagonal or marginal artery in 15 vs four (p < .01), and a lesion in a distal small vessel in eight vs one (p < .05). In addition, eight patients with graft and artery occlusion had an occluded native vessel before surgery. Thus patients who have undergone previous CABS have smaller myocardial infarcts and better residual left ventricular function due to the presence of less jeopardized myocardium lying distal to the infarctproducing lesion. Circulation 71, No. 4, 693-698, 1985. 
THE NUMBER of coronary bypass operations performed annually in the United States was estimated to be 70,000 in 1977 and 160,000 in 1981.' As the proportion of patients with coronary disease who have had coronary artery bypass surgery (CABS) increases, the proportion of such patients among hospital admissions for acute myocardial infarction is also likely to increase. At our institute the prevalence of previous CABS among patients admitted for myocardial infarc-tion has increased from 2.3% between 1977 and 1980 to 6.7% in 1980 to 1982 and 11.2% in 1982 to 1984. Myocardial infarction occurring late after CABS is important not only because of its increasing frequency but also because infarct size may be smaller and prognosis better in these circumstances. 2 The purpose of this study was to compare indexes of infarct size and angiographic findings early after infarction in 52 patients with infarction 2 or more months after bypass and in 52 control patients.
Methods
Patients. Between April 1982 and April 1984, 67 consecutive patients less than 70 years old with acute myocardial infarction and who had undergone CABS at least 2 months previously were admitted to our coronary care unit. The diagnosis of myocardial infarction for all patients was based on the presence of at least two of the following criteria: (1) a recent episode of chest pain characteristic of myocardial ischemia with a duration of at least 30 min, (2) a transient rise above twice the normal levels of total creatine kinase (CK) level and its cardiac fraction (CK-MB) closely related to the episode of chest pain, and (3) Minnesota code criteria for definite or probable myocardial infarction accompanied by evolving ST or T wave changes. One patient was excluded because of preexisting left bundle branch block and one because of percutaneous transluminal coronary angioplasty in the interval between CABS and myocardial infarction.
During the study all patients admitted with acute myocardial infarction underwent selective coronary arteriography before hospital discharge unless specifically contraindicated. As summarized in table 1, 52 of the 65 patients (80%) with previous CABS underwent arteriography compared with 462 of the 560 patients with infarction (83%) who had not had previous surgery. The reasons that arteriography was not performed were similarly distributed in the two groups: patient refusal (38% vs 31%), severe heart failure (15% vs 23%), noncardiac medical contraindications (31 % vs 22%), and known inoperable coronary disease or known coronary anatomy documented by recent arteriography (15% vs 23%).
The study group comprised the 52 patients with acute myocardial infarction at least 2 months after CABS who had undergone angiography before discharge. For each of these patients, the immediately preceding patient admitted with myocardial infarction and selective coronary arteriography before discharge was selected as a matched control.
Post-CABS patients underwent surgery between 1970 and 1983, during which time our indications for anesthetic and surgical management were similar to those of most North American centers. At the time of surgery all possible vessels with 50% or greater stenosis and good distal flow were bypassed. Before surgery all patients had exertional angina. One-, two-, and three-vessel disease were present in 12, 20, and 20 patients preoperatively. Complete revascularization was performed in 39 patients who, in addition, received 14 grafts to arteries with stenosis less than 70%. In the remaining 13 patients, 16 arteries with stenoses of 70% or greater were not bypassed because they had distal stenosis, poor distal run-off, inaccessible sites of stenoses, or occluded vessels with distal infarction. The ungrafted diseased vessels included the left anterior descending artery (LAD) in one patient, the first diagonal in one, the right coronary artery (RCA) in two, the left circumflex artery (LCX) in six, and the RCA and LCX in three. At the time of surgery, one patient had undergone aneurysmectomy in addition to CABS; no patient had had valvular surgery.
Patient management. All patients entered the same protocol, which ensured that a 12-lead electrocardiogram (ECG) was Angiography. Contrast ventriculograms and selective coronary and graft arteriograms with standard and angulated views were obtained before hospital discharge by means of preformed catheters as previously described.9-0 The interval between infarction and angiography was similar in post-CABS and control patients (9.8 + 2.9and9.3 + 2.8days,respectively;p = NS). Left ventriculography was performed in the 30 degree right anterior oblique view and left ventricular ejection fraction was calculated by the area/length formula of Dodge et al.' In six control patients and seven post-CABS patients, ejection fraction was obtained from a radionuclide gated scan, left anterior oblique view, and not at catheterization.
The extent of coronary artery disease was graded as one-, two-, or three-vessel disease based on the presence of a 70% or greater reduction of the internal vessel diameter of the main arteries or branches as defined by the Coronary Artery Surgery Study. I In the case of patients with previous CABS, the same system was used, except that a stenosis of 70% or greater was required in both artery and graft for the vessel to be counted. Thus, by this system for the 52 patients immediately after surgery and assuming all grafts to be patent, 39 had complete revascularization, 10 had one-vessel disease, and three and twovessel disease. The infarct zone was identified as the abnormal contractile area of the left ventricle corresponding to the site of serial ECG changes, and the infarct-related vessel was that vessel perfusing this area. In the post-CABS group the site of occlusion of an artery with a graft was taken as the site of occlusion of the native artery. 00 1 ) . Similarly, postinfarction left ventricular ejection fraction was higher in the post-CABS subgroup than in the control subgroup (59 ± 10% vs 48 ± 13; p < .005).
In addition, the distribution of the coronary lesions producing infarction was similar in the subgroups without previous infarction as in the entire group. Distal or branch occlusions were more common in the post-CABS subgroup ( 17 vs 4; p < .05) and proximal occlusions were more common in the control subgroup (18 vs 2; p < .05). Thus the higher incidence of previous Q waves in the post-CABS group does not ac-count for the differences observed between the two groups.
Discussion
Myocardial infarct size determined by electrocardiographic and enzymatic assessment was significantly smaller in 52 patients with previous CABS compared with 52 controls without surgery. Transmural myocardial infarction was more common in controls compared with post-CABS patients. In keeping with these findings, left ventricular ejection fraction was significantly higher after infarction in the post-CABS group. The groups were well matched for the clinical variables of age, sex, previous hypertension, smoking habits, and drug therapy, with only the presence of preexisting Q waves being more common in the post-CABS group. To avoid any confusion regarding early postoperative infarction, which appears to be of a different pathologic mechanism, only infarcts at least 2 months after surgery were considered. ' Possible sources of bias. Unsolicited bias could enter this study at three points: first, at presentation, where the lower rate of previous cardiovascular diagnosis in the control group could make them more reluctant to seek attention (patient bias); second, at the diagnosis of myocardial infarction (physician bias); and third, at selection for arteriography (physician and patient bias). All patients attending our emergency room were treated similarly to confirm or exclude the diagnosis of myocardial infarction irrespective of the presence or absence of previous CABS. In addition, because the proportion of patients in both the post-CABS group (80%) and the control group (83%) who underwent angiography were similar, it seems unlikely that the latter two points would cause any significant error. It is possible that fewer patients with chest pain in the control group sought medical attention. However, this is not likely to account for the major discrepancies we observed between these two groups.
Reasons for smaller infarct size. The prevalence of coronary artery occlusion is high in patients with transmural myocardial infarction but decreases as the interval between infarction and arteriography increases because of lysis of clot, relief of spasm, or both. '6' 17 Persistence of total occlusion late after infarction is associated with large complicated myocardial infarcts, whereas early spontaneous lysis of clot and recanalization of the artery may result in smaller infarcts. 16 18 In our patients the number of vessels with total occlusion a mean of 9 days after infarction was similar in post-CABS and control patients; however, infarct size was statistically smaller in those with previous surgery. This suggests that either the patients with previous surgery had additonal myocardial protection or the site of the occlusive lesion subtended less viable myocardium. Myocardial protection may be afforted by the use of fl-blockers, calcium antagonists, nitrates, or good collateral blood supply to the jeopardized myocardium. 19 All of these drugs were being used, but in equal proportions in both groups, and the proportion of patients with collateral flow to the infarct region in both groups was also equal. Thus the difference in infarct size between the two groups probably resulted from differences in the amount of viable myocardium distal to the infarct-producing lesion.
Myocardial infarction in the same vessel territory occurring in stages, either experimentally or in man, results in two separate smaller infarcts.20' 21 The smaller infarct after CABS may be the result of such a sequential mechanism in which the native artery closes first, followed by graft occlusion, or vice versa. In 13 of the 26 patients with artery and graft occlusion causing infarction, the vessels were known to have occluded at different times. In eight patients the native vessel was occluded before surgery; in three patients the native artery and in two the graft was occluded at postoperative angiography before infarction. Infarct size in these 13 patients was the same as that in control patients with infarction caused by occlusion at the same site, suggesting that this mechanism does not contribute to the smaller infarctions in the postsurgical group. This finding is in keeping with the observation that proximal native stenoses frequently proceed to total occlusion in the presence of patent distal grafts without any evidence of myocardial necrosis.
The estimated size of a myocardial infarction and extent of myocardial necrosis after vessel occlusion is related to the severity of the underlying coronary artery disease and location of the occlusive lesion.22-24 The distribution of one-, two-, and three-vessel disease in both control and post-CABS patients was similar. In our series the site of the infarct-related occlusion was the all-important determinant of infarct size. In both groups the infarct size was significantly smaller after distal/branch occlusion than after proximal or midsegment occlusion. A significantly greater number of post-CABS patients ( sion; there were similar numbers with midsegment occlusion, and significantly fewer post-CABS patients (7 vs 22) had proximal occlusion. Thus infarct size in post-CABS patients was smaller because the occlusive lesion was more frequently located in a distal vessel and thus perfused less viable myocardium.
A small subendocardial infarction caused by subtotal or transient arterial occlusion may be followed by total occlusion producing a large transmural infarction.21' 25 Post-CABS patients with small subendocardial infarctions are less likely to follow this pattern because the infarct is caused by total occlusion of a small vessel rather than by subtotal occlusion of a large vessel as seen in patients who have not had bypass surgery.2 Does CABS protect the myocardium? Long-term graft patency is related to the diameter of the recipient vessel and run-off in the distal bed. 26 The predominant pattern of distal/branch occlusion causing post-CABS infarction may occur because the larger proximal vessels have been bypassed and are thus protected. Smaller vessels are less likely to be bypassed and, even if bypassed, the grafts are more likely to occlude than are grafts to larger arteries. Our study was not designed to address the question of whether or not bypass surgery reduces the incidence of infarction; data from the Coronary Artery Surgery Study suggest that it does not.27 In summary, this study demonstrates that myocardial infarctions tend to be smaller in patients who have undergone previous bypass surgery because the lesion that produces infarction is more likely to be situated in a distal or branch vessel.
